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(54) Rubber composition for tyre tread. 

(57) A tread rubber composition is provided which includes 100 parts by weight of a diene rubber 
containing as a main component thereof at least one rubber selected from the group consisting of 
natural rubber, polyisoprene and polybutadiene, and 30 to 90 parts by weight of a vulcanised rubber 
powder, wherein the vulcanised rubber powder is a powder of a rubber resulting from vulcanisation of a 
rubber composition including 100 parts by weight of a diene rubber containing as a main component 
thereof at least one rubber selected from the group consisting of natural rubber, polyisoprene and 
polybutadiene, and 30 to 100 parts by weight of a clay mainly composed of kaolinite. The rubber 
composition for tyre tread assures improved braking performance with the fracture resistance thereof 
kept satisfactory and, hence, a tyre tread made of such rubber composition makes it possible to build a 
studless tyre exhibiting an improved gripping force. 
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The present invention relates to a rubber composition for a tyre tread to be used for improving the gripping 
force of a studless tyre, to a tyre tread formed from such a rubber composition, and to a tyre having such a 
tyre tread. 

The predominant factors responsible for friction between a tread rubber and a road surface include (1) 
5 hysteresis loss friction, (2) adhesion friction and (3) dig-out friction. When on a road surface of an extremely 
low friction coefficient such as a frozen road surface, the hysteresis loss friction (1 ) is extremely low, and fric- 
tions due to items (2), (3) are predominant. 

Although a spiked tyre can provide an excellent gripping force on a frozen road surface since it produces 
a large dig-out friction force, there has recently been a tendency to inhibit the use of spiked tyres so as to pre- 
10 vent public pollution caused by powdery dusts. Studless tyres with no spikes have rapidly prevailed. 

Since the dig-out f rictional force depends on the tread pattern or surface form of the tread, studless tyres 
have also been devised which improved the dig-out f rictional force, for example, by incorporating foamed rub- 
ber or organic fibre thereby increasing unevenness on the tread surface. However, the dig-out f rictional force 
of even these studless tyres is low compared to a spiked tyre and, hence, the gripping force thereof is inferior 
15 to spiked tyres. Particularly when a frozen road surface is ground smooth by idle rotation of a tyre upon starting 
a vehicle, the gripping force of the studless tyre is degraded. 

When on a road surface with an extremely low friction coefficient such as a frozen road surface, the ad- 
hesion friction as well as the dig-out friction contributes to an improvement in gripping force. It is important in 
this instance to increase the area of contact between the road surface and the tyre by eliminating hydroplanes 
20 formed by friction thawing the frozen road surface, in order to improve the adhesion friction. The unevenness 
on the tread surface not only improves the dig-out f rictional force but also has the effect of eliminating hydro- 
planing to increase the adhesion friction. 

Further, the characteristics of the rubber itself give an effect on the adhesion f rictional force. For instance, 
the adhesion frictional force can be increased by making the rubber material soft thereby increasing the ef- 
25 fective area of contact with the road surface. 

Although various proposals have been made to improve the gripping force of a studless tyre by increasing 
the adhesion frictional force, none has been satisfactory and further improvements are demanded. 

The present invention has been achieved in view of the foregoing technical background and an object there- 
of is to provide a rubber composition for a tyre tread which provides in a studless tyre an improved gripping 
30 force. 

According to the present invention there is provided a rubber composition for a tyre tread comprising 100 
parts by weight of a diene rubber containing as a main component thereof at least one rubber selected from 
the group consisting of natural rubber, polyisoprene and polybutadiene, and 30 to 90 parts by weight of a vul- 
canised rubber powder, wherein the vulcanised rubber powder is a powder of a rubber resulting from vulcan- 
35 isation of a rubber composition including 100 parts by weight of a diene rubber containing as a main component 
thereof at least one rubber selected from the group consisting of natural rubber, polyisoprene and polybuta- 
diene and 30 to 100 parts by weight of a clay mainly composed of kaolinite. 
The present invention will now be described by way of example. 

At first, explanation is to be made on the rubber composition constituting the vulcanised rubber powder 
40 (hereinafter referred to as "rubber composition for powder") used in the tread rubber composition according 
to the present invention. 

The rubber component of the rubber composition for powder includes at least one of natural rubber, poly- 
isoprene rubber and polybutadiene rubber, but may be incorporated with other diene rubber ingredients such 
as SBR as required. 

45 The clay blended with the rubber composition for powder is a clay mainly composed of kaolinite, for which 

amorphous metakaolin calcined at a high temperature of about 600°C is preferably used. 

The blending amount of clay in the rubber composition for powder is from 30 to 1 00 parts by weight, pre- 
ferably, 40 to 70 parts by weight relative to 100 parts by weight of the rubber component of the rubber com- 
position for powder. If it is less than 30 parts by weight, the effect of increasing the frictional force on a frozen 

50 road surface is scarcely observed and, if it exceeds 1 00 parts by weight, the hardness of the vulcanised rubber 
powder is increased excessively, resulting in a tendency to reduce the frictional force and fracture resistance 
of the tread rubber. 

The clay (generally of about 1 .Oum in grain size) blended in the rubber composition for powder has a large 
grain size and poor reinforcing property as compared with a fine particulate reinforcing material such as carbon 
55 black or silica (generally of about 10 to 40u.m in grain size). Accordingly, it is preferred to blend a reinforcing 
material such as carbon black or silica in the rubber composition for powder for providing a reinforcing effect. 
Among reinforcing agents, it is preferred to blend a silane coupling agent represented by X 3 SiR in which X rep- 
resents an alkoxy group or chlorine atom and R represents a glycidoxy, methacryl, amino, mercapto, epoxy 

2 



BNSDOCID: <EP 



0678549A1_I_> 



EP 0 678 549 A1 

or imide group, or (CnH2n*iO) 3 -Si-(CH2) m -S k -(CH2) m -Si-(CnH2n+iO)3 in which n is an integer from 1 to 4, and 
m and k are each an integer from 1 to 6 in an amount from 1 to 8 parts by weight, preferably, 2 to 5 parts by 
weight relative to 100 parts by weight of the rubber component of the rubber composition for powder. If the 
blending amount of the silane coupling agent is less than 1 part by weight, the reinforcing effect is scarcely 
5 provided, whereas if it exceeds 8 parts by weight, unreacted silane coupling agent is deposited on the surface 
of the vulcanised rubber powder to rather deteriorate the frictional force undesirably. 

Usual additives for rubber blending such as a vulcaniser, a vulcanisation accelerator and, if required, an 
antioxidant may be blended in the rubber composition for powder. 

The rubber composition for powder of such a composition is vulcanised to prepare a clay-incorporated vul- 
10 canised rubber which is then powdered to obtain a vulcanised rubber powder. As a powdering method, any 
known method can be used, including, for example, the freezing pulverisation method. 

The grain size of the vulcanised rubber powder is preferably of complete 20 mesh pass and, particularly, 
of complete 60 mesh pass. If it is greater than the size of complete 20 mesh pass, the resulting fracture resis- 
tance is deteriorated. 

15 The rubber component used for the tread rubber composition of the present invention (hereinafter referred 

to as "matrix rubber component") is a diene rubber comprising at least one of natural rubber, polyisoprene and 
polybutadiene as the main ingredient, which have a low glass transition temperature and are less curable even 
at a low temperature. The matrix rubber component comprises at least one of natural rubber, polyisoprene and 
polybutadiene, but other diene rubber such as SBR may be added as required. 

20 The blending amount of the vulcanised rubber powder in the tread rubber composition is from 30 to 90 

parts by weight, preferably, 40 to 70 parts by weight relative to 1 00 parts by weight of the matrix rubber com- 
ponent If the blending amount of the vulcanised rubber powder is less than 30 parts by weight, the effect of 
increasing the frictional force on a frozen road surface is scarcely provided and, if it exceeds 90 parts by weight, 
the reinforcing property is deteriorated, and the wear resistance, cutting characteristic and the like are unpre- 

25 ferably lowered. 

Further, it is preferred that the vulcanised rubber powder is blended such that the blending amount of the 
clay in the tread rubber composition is from 10 to 40 parts by weight relative to 100 parts by weight of the 
rubber component of the tread rubber composition (corresponding to the total amount of the matrix rubber com- 
ponent and the rubber component of the vulcanised rubber powder). If it is less than 10 parts by weight, the 
30 effect of increasing the frictional force on the frozen road surface is scarcely observed and, if it exceeds 40 
parts by weight, the hardness is increased excessively, thus tending to deteriorate the frictional force and the 
fracture resistance of the tread rubber. 

The vulcanised rubber powder may be added after blending other blending ingredients than the rubber 
powder and homogeneously kneading them, or may be blended together with other blending ingredients and 
35 then kneaded homogeneously. 

Blending of a specific clay having an effect of increasing the frictional force to form the vulcanised rubber 
powder to be used in the tread rubber composition is advantageous in suppressing the reduction of the gripping 
force on a dried road surface and deterioration of the fracture resistance of the tread rubber composition com- 
pared with the case of directly blending the clay to the matrix rubber composition, and the amount of the clay 
40 to be blended can be readily varied with the performance required. 

The present invention will be more specifically described with reference to specific examples thereof. It 
is to be noted that these examples are only illustrative of the present invention and not limitative thereof. 

Firstly to prepare the vulcanised Rubber Composition the rubber compositions for powder were prepared 
with the formulations shown in Table 1. For the clay, ICECAP K (trade name) manufactured by Shiraishi Cal- 
45 cium Co., Ltd. was used. For the silane coupling agent, KBE1003 (trade name) manufactured by Shin-Etsu 
Chemical Co., Ltd. was used. This coupling agent is vinyl triethoxysilane. For the vulcanisation accelerator, 
NOXCELER-NS (trade name) manufactured by Ohuchi Shinko Kagaku Co., Ltd. was used. This is N-tert-butyl- 
2-benzothiazyl sulfene amide. 

Each of the rubber compositions thus prepared was kneaded for about 3 to 10 min by using, for example, 
so a kneader or Banbury mixer and then vulcanised at approximately 140 to 180°C for 10 to 40 min, followed by 
being pulverised under freezing at -230 to -180°C. Thus vulcanised rubber powders A to J were obtained. 
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In Table 1 , the vulcanised rubber powders A and J comprising the rubber composition for powder in which 
the blending amount of the clay is out of the scope of the present invention to provide comparative examples, 
and the vulcanised rubber powders B to I correspond to examples of the present invention. 



BNSDOCID: <EP 



067B549A1 I > 



EP 0 678 549 A1 



The tread rubber compositions of the formulations shown in Table 3 according to Examples 1-11 and Com- 
parative Examples 1 - 5 were prepared except for changing the kind and the blending amount of the vulcanised 
rubber powder and the blending amount of the process oil as shown in Table 2. A vulcanised rubber powder 
of complete 60 mesh pass was used except for Example 7. The vulcanised rubber powder used in Example 7 
was the vulcanised rubber powder E prepared as above with a grain size of complete 14 mesh pass (indicated 
by E* in Table 3). As the process oil, DIANAPROCESS PS32 (trade name) manufactured by Idemitsu Kosan 
Co., Ltd. was used. As the antioxidant 6PPD, OZONONE 6C (trade name) manufactured by Seiko Kagaku 
Co., Ltd. was used. 

This is N-phenyl-N'-(1,3-dimethylbutyl)-p-phenylenediamine. For the vulcanisation accelerator, NOXCEL- 
ER NS (trade mane) manufactured by Ohuchi Shinko Kagaku was used. This is IM-tert-butyl-2-benzothiazyl 
sulfene amide. 



Table 2 



Ingredients 


Weight parts 


Natural rubber 


50 


Polybutadiene 


50 


Carbon black N220 


45 


Process oil 


varied 


Vulcanised rubber powder 


varied 


Stearic acid 


2 


Chinese white 


4 


Antioxidant 6PPD 


1 


Sulfur 


1.5 


Vulcanisation accelerator 


1 



In Table 3, the proportion of clay to tread rubber composition is the amount of clay (parts by weight) es- 
sentially contained in each tread rubber composition and is calculated from the kind and content of vulcanised 
rubber powder. Taking Example 1, for instance, 50 parts by weight of vulcanised rubber powder B (40 parts 
by weight of clay is contained in the tread rubber composition (100 + 40 + 2 + 2 + 4 + 1 + 1.5 + 0.5 = 1 51 parts 
by weight) and, hence, the proportion of clay to the tread rubber composition is 50 x (40/151) = 13 parts by 
weight (by counting fractions of 0.5 and over as a unit and cutting away the rest). The proportion of clay to the 
total amount of rubber components (phr) is the content of clay relative to 1 00 parts by weight of the total amount 
of the rubber components in each tread rubber composition (the sum of the matrix rubber component and the 
rubber component of the vulcanised rubber powder). Taking Example 1, for instance, the total amount of the 
rubber components of the tread rubber composition is the sum of the content of the rubber component in the 
vulcanised rubber powder contained in the tread rubber composition and the content of the matrix rubber com- 
ponent i.e., 50 x (100/155) = 33 parts by weight (counting fractions of 0.5 and over as a unit and cutting away 
the rest) + 1 00 parts by weight = 1 33 parts by weight. Hence, the proportion of clay to the total amount of the 
rubber components in the tread rubber composition is 13 x (100/133) = 10 parts by weight (counting fractions 
of 0.5 and over as a unit and cutting away the rest). 

The gripping force and fracture resistance of each of the tread rubber compositions according to Examples 
and Comparative Examples were evaluated by the following methods, and the results were as shown in Table 
3. 

(1) Gripping Force 

Studless tyres size 165R13 were manufactured using each tread rubber composition. These were 
mounted on a Japanese FF-ABS automobile of 1 500 cc, inflated to 2kgf and evaluated by measuring the 
brake stopping distance on ice at an atmospheric temperature of -3°C and ice temperature of -2.5°C. The 
brake stopping distance was measured as the distance required to stopping after the wheels were locked 
when running at a speed of 30 km/h. The measured brake stopping distances are indicated each as an 
index based on the value measured with Comparative Example 5 not blended with the vulcanised rubber 
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powder being set at 1 00. 
(2) Fracture Resistance 

Vulcanised rubber test pieces were prepared of the respective tread rubber compositions, and eval- 
uated by measuring the tearing strength of the test pieces. The tearing strength was measured according 
to JIS K6301 and indicated as an index based on the result of Comparative Example 5 not using vulcanised 
rubber powder being assumed as 100. As the index is larger, the evaluation is better. 
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As can be seen from Table 3, all the tread rubber compositions according to the examples of the present 
inve^on Ire better than over the tread rubber compositions according to the comparative examples >n terms 

ina the vdin sea rubber powder, which was not particularly poor as compared with the case of not Wending 
S vutoanJed rubber powder However, the tread rubber composition of Example 7 in wh.ch the vulcanised 
ubb fpowder ^ a graTn s Le over 20 mesh tended to show some degradation in the fracture resistance^ 
From ExampSs 4 6 and Comparative Examples 2 and 3, it can be seen that the fracture res-stance tends to 
flowered as the blending amount of the same kind of vulcanised rubber powder ,s mcreased. 
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Claims 
1. 



A rubber composition for a tyre tread, characterised by comprising 1 00 parts by we.ght of a d,ene rubber 
rnntehnina as a main component thereof at least one rubber selected from the group cons.st.ng of natural 
^rX^Z^Ztuia^, and 30 to 90 parts by weight of a vulcanised rubber powd* 
Se^E« rubber powder is a powder of a rubber resulting from vulcanisation of a rubber 
^mposi L including 100 parts by weight of a diene rubber containing -^.^^^Sle 
least one rubber selected from the group consisting of natural rubber, P oi yi soprene and polybutad.ene 
20 and 30 to 1 00 parts by weight of a clay mainly composed of kaolimte. 

2. A rubber composition according to claim 1 , characterised in that the vulcanised rubber powder includes 
40 to 70 parts by weight of clay mainly composed of kaolimte. 

,5 3 A rubber composition according to claim 1 or 2, characterised in that the vulcanised rubber powder includes 
" 3 ' a agent represented by XsSiR in which X represents an alkoxygmupor chtonne ato£ andR 

represents a glycidoxy. methacryi, amino, mercapto. epoxy or im.de group or by Cn^O>r& CH» m S k 
(CH^-SKCnHLiO), in which n is an integer from 1 to 4, and m and k are each an mteger f rom 1 to 6. 

30 4. A rubber composition according to claim 1 or 2, characterised in that the vulcanised rubber powder in- 
cludes a silane coupling agent comprising vinylethoxysilane. 

5 A rubber composition for a tyre tread according to claim 3 or 4, characterised in that said ^silane coupling 
iHSSUSi an amount of 1 to 8 parts by weight relative to 100 parts by weight of the rubber com- 

35 ponent of the vulcanised rubber. 

6 A rubber composition for a tyre tread according to claim 3 or 4, characterised in that said ^silane coupling 
agent's btenTd fin an amount of 2 to 5 parts by weight relate to 100 parts by weight of the rubber com- 
ponent of the vulcanised rubber powder. 

40 7. A rubber composition for a tyre tread as set forth in any one of claims 1 to 6. characterised in that said 
clay is an amorphous metakaolin calcined at about 600°C. 

8. Arubbercompositionaccordingtoanyof^ 
45 has a grain size of complete 20 mesh pass. 

9. Arubber composition according to any of claims 1 to 8. characterised in that the vulcanised rubber powder 
has a grain size of complete 60 mesh pass. 

» 1 0. A rubber composition according to any of claims 1 to 9. characterised by including 40-70 parts by weight 
of vulcanised rubber powder. 

1 < A rubber comoosition according to any of claims 1 to 1 1 . characterised in that said clay is contained in an 
amount o! Tl7to 40 partTby weight relative to 100 parts by weight of the total amount of the rubber com- 
55 ponents of the rubber composition for tyre tread. 

12. A tyre tread comprising a rubber composition according to any one of claims 1 to 11 . 
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13. A tyre comprising a tyre tread formed of a rubber composition for tyre tread as recited in any one of claims 
1 to 11- 
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